A lunar surface sampler essentially identical to that operated from Surveyor 3 was mounted on Surveyor 7 and performed flawlessly on the moon throughout a range of operating temperatures from +180øF to --167øF. The motor current was sampled during lunar bearing and trenching tests, and these data, together with prefiight calibrations enabled us to calculate the forces involved in these tests. After minimal lunar surface testing, the surface sampler was employed to release the sensor head of the s-scattering instrument, which had jammed in its background position. Subsequently, Commands. Spacecraft commands listed in 6175 
The motor current is assigned five symmetrically positioned commutator frames; other pertinent data (voltage, temperature, etc.) are assigned a single frame. This provides motorcurrent data at 50-msec intervals and other data at 250-msec intervals at the highest spacecraft telemetry bit rate (4400 bits/see). For a 2-second motor command, nominally 40 motorcurrent samples are received; this sampling interval is apparent in the plot of Figure 5 .
A multichannel strip chart recorder' (Brush recorder) provides real-time plots of motor current for evaluation of surface-sample perform-ance. The command register status and poweron/power-off status are also displayed on this recorder.
To assist in post-mission analyses of surfacesampler performance, the motor-current data are further processed and plotted (after the mission) for comparison with calibration data. An example of such a plot is shown in Figure 5 . In addition to plotting the motor-current values, this output includes temperatures, bus voltage, average value of motor current, and an average of the motor current in which the first four samples in a given burst are ignored. These first four samples indicate a motor starting transient. Several of the shading operations were performed when the auxiliary electronics unit of the surface sampler was above its upper operating limit. In these operations, the motors operated normally at temperatures up to 180øF. On the other hand, at one stage during postsunset operations, retraction forces were applied to the lunar surface at a time when the retraction motor temperature was --167øF.
Calibration
Throughout the mission the command decoding and telemetry outputs of the auxiliary electronics unit performed as designed. Table 3 gives the total commands and operating durations for the subsystem during the first lunar day. Of the 36 hours and 21 minutes of operation time, a total of 8 hours and 45 minutes was used in deploying or redeploying the a-scattering instrument.
Lunar Operations: First Lunar Day
Initial operations for the surface sampler were not scheduled to begin until the a-scattering instrument had been deployed to the lunar surface, thus ensuring an undisturbed lunar surface as the first sample. This delay would also provide adequate television coverage of the area for planning tests before initiation of activities. This preliminary television coverage is shown in Figure 9 . The attempt to deploy the sensor head of the a-scattering instrument to the lunar surface by normal means was unsuccessful. This failure led to decisions to start surface-sampler activities and, after certain minimal data were acquired, to attempt to free the a-scattering instrument.
Day 011. Surveyor 7 surface-sampler operations started with the initial power-on command at 01h 00m 28s GMT; after four 2.0-second extend commands, the first television picture verifying proper response was received at 0lb 22m 35s GMT. This initial checkout procedure continued with motor current and video verification that the azimuth, elevation, and extension drive systems were functioning properly.
Initial contact with the lunar surface occurred at bearing point 1, shown in Figures 10 and 11 . This bearing test was accomplished by driving the scoop down two 2.0-second steps. Bearing point 2, located to the left of bearing point 1 and at a greater extension distance (Figure 10) , was the first test to use command tape 907. This test is shown in Figure 12a .
After these initial bearing tests, the first attempt was made to free the sensor head from its background position. In the hope that the problem was a minor frictional one, the attempt consisted of light taps applied to the circular plate of the sensor head. Although television pictures did show that the a-scattering instrument moved and swayed at the end of its nylon cord, the instrument did not lower.
Day 012. Surface-sampler operations on day 012 started with bearing point 3 (Figure 10 ). This test consisted of a 2.0-second down command in which surface contact was made during Day 01•. In a further attempt to obtain a large rock for weighing, (an attempt that was reinforced by a desire to make a rock available for analysis by the a-scattering instrument), the operations for day 014 consisted entirely of working with rock D (Figure 16 and 18a) . At this time in the mission, television camera and spacecraft battery temperatures were high and, in fact, dictated low-duty-cycle operations. The surface-sampler operations consisted of extending to the maximum distance at rock D and closing the scoop on the rock. The rock was dislodged, as shown in Figure 18b , and attempts to lift it resulted in its slipping from the scoop. Over a total period of 7 hours attempts to move the rock closer for a better grip were unsuccessful.
Operations for the day were concluded with the repositioning of the scoop shadow on the By using 0.1-second right azimuth commands, the surface sampler was driven against the right azimuth stop, thus locating it above trench 1. The scoop was opened and positioned so that the bbde was ,above rock E at the foot of trench i (Figures 16 and 17) . After two 2.0-second elevate commands, the clutch was released, and the scoop blade struck the rock. As discussed below, the rock fractured under this blow.
After careful television coverage .of the fractured rock, including polarizing filter surveys, the scoop was extended and lowered into. trench 2. Two 2.0-second lower commands, followed by two 2.0-second retract commands, resulted in the surface sampier's being stalled against the subsurface rock previously encountered. Description of area. Shortly after touchdown, a series of pictures was taken of the area of surface-sampler operations (see Figure 9 ). This narrow-angle mosaic shows the a-scattering instrument in the background position, from which it could not be successfully deployed to the surface by normal operations. There were more rocky fragments on the lunar surface in the area of Tycho than at the Surveyor 3 landing site. Some of the fragments visible in the picture are 6 to 10 cm across. Several of these fragments were moved during surface-sampler operations; one of them was weighed and one was broken. were being obtained from test to test during Surveyor 7 surface-sampler operations, two special tests were performed to study this effect (see Figure 19 ). In Figure 19d , the lunar surface is shown in the vicinity of bearing tests 8 and 9 following the removal of the scoop from the surface; it can be seen that. only a minimal amount of surface disturbance has occurred. The right-hand side of Figure 19d shows the surface at bearing test 7, which was a test performed with the scoop full of soil from trench 2. The mass of soil, which appears on the spacecraft side of that test mark in Figure 19d , is, in fact, material that had been compressed in the scoop, but remained on the surface (still retaining the shape of the inside of the scoop) after the surface sampler had been withdrawn.
Bearing test 13, which was performed with the scoop closed, is shown in Figure 25a ; one retract command was given after the maximum downward force on the scoop in the bearing test had been obtained (Figure 25b) . It is seen that, as a result of dragging the scoop backward, the penetration of the scoop into the lunar soil has been greatly increased because of the additional shearing stresses applied to the surface.
Trenching operations. Trenching operations during the Surveyor 7 mission were made for a variety of purposes. The first trench ( Figure  16) An attempt was made to pick up another rock (rock C), but it apparently was flipped out of the jaws of the surface sampler by the coil spring in the scoop door, and it landed at. the extreme edge of the surface-sampler operations area. A third rock (rock D), which appears at the extreme left edge of the area, had a rounded protuberance above the surface (see Figure 18a ). This rock was of such dimensions that an attempt was made to pick it up also. The rock, on excavation, revealed a substantial surface underlying the soil of a much more angular appeh. rance than the surface projection, indicating i.hat an erosion process had occurred on the exposed part of the rock (Figure 18b) . Unfortunateli, this rock was slightly too large for the surface sampler to grasp and consequently coiild not be picked up. The attempt to weigh it was abandoned because of the timeconsuming nkture of the effort required.
Because of the presence of polarizing filters on the Surveyor 7 television camera, it was considered of value to attempt to break one of the lunar rocks so that a polarizing sequence of pictures could be taken on any fresh surface that might be revealed. For this purpose, another rock (rock E), lying at the foot. of trench l, was selected because of the suitable viewing angle and the nearness of the rock for pictures. Figure 28a is a picture of rock E before it was broken by the surface sampler. After the open scoop was located appropriately on the rock's surface, the surface sampler was elevated to a height of about 35 to 40 cm above the rock and the clutch was operated. After the impact, the rock had moved slightly toward the spacecraft, and a fragment of the rock had been broken off ( Figures 28b and 28c) Careful photographic studies were made of the two small horseshoe magnets, located in the base of the scoop door, both before lunar surface operations and at various times during' the first lunar day. The magnets app:•rently picked up a coating of magnetic material from the lunar surface. In addition, the surface sampler was dragged through the surface at a selected locatio.n in order to. determine if a small fragment of lunar surface had magnetic characteristics. A fragment was, in fact, found adhering to the surface sampler, which was elevated for better inspection of the fragment (see Figure   20 ).
SURVEYOR 7--SOIL MECHANICS SURFACE SAMPLER

621'1 •)RELIMINARY ANALYSES AND RESIn, LTS
Soil properties. In general, it appears that the bearing tests performed from Surveyor 7 exerted forces on the lunar surface similar in magnitude to those of the tests performed during the Surveyor 3 mission, although the retraction forces on Surveyor 7 were considerably larger than those on Surveyor 3. However, the consequences to the lunar surface varied considerably from place to place as can be seen in Figures 12, 19 , and 24. It appeared from the trenching tests that a varying depth of lunar soil ranging from perhaps i to at least 15 cm existed over the operational area of the surface sampler at the Surveyor 7 site, in contrast to a relatively uniform depth of material within the capabilities of the surface sampler at the Surveyor 3 site. Consequently, the variation in behavior of the bearing tests may have been caused by a varying depth of hmar material over underlying rocks or a rock surface. In general, however, the material behavior was not substantially different from tha,t exhibited in the Surveyor 3 surface-sampler operations; as a first estimate, it is considered that essentially the same density, friction, and cohesion values can be considered representative of the soil in the Tycho area. To date, only a preliminary analysis has been made with command tape 907 and motor-current information. Bearing test 2 has been analyzed in this way by using motor currents in the form shown in Figures 5 and 6 , together with the step-by-step motions of the surface-though the undersides of some of the rocks excavated from the lunar surface were darker than the above-surface side of the rock, it appeared that this difference was due to a coating of fine-grained granular soil on the underside.
It has not been possible, to the present time, to calculate a value for the strength of the rock broken by the surface-sampler impact; however, the impact delivered was not the most violent that the surface sampler was capable of delivering, and the implication is that the rock was relatively weak, either intrinsically or as a result of an existing fracture in it.
As on Surveyor 3, little soil material appeared to adhere to the scoop early in the operations, but, as the lunar day proceeded, the soil showed a greater tendency to adherence. It was, however, comparatively easily dislodged, as, for example, during the process of picking up the sensor head to move it to its second position.
SUMS MARY
The lunar surface at the Surveyor 7 landing site is covered with a fine-grained soil whose depth over rock or rock fragments varies from 1 or 2 cm to at least 15 cm. Qualitatively, the soil at the Surveyor 7 site was less brittle than at the Surveyor 3 site.
There was less general cracking, and tests and trenching operations provided smaller lumps or aggregates of lunar soil.
Rock material (or a rock) was encountered at two locations below the lunar surface, but it was too large or firmly embedded to be moved. No movable subsurface rock fragments were excavated.
The density of a single rock, which was picked up and weighed, was in the range 2.4 to 3.1 g/cm •.
The excavation of one partially buried rock revealed that the subsurface portion was angular in contrast to the rounded visible portion.
One apparently intact rock was broken by a blow from the surface sampler. 
